Atrial fibrillation (AF) is very common arrhythmic disorder especially in elderly population, and makes higher major adverse cardiac events (MACEs) in the patients with acute coronary syndrome (ACS) or underwent percutaneous coronary intervention (PCI). Pivotal drug for AF patients to reduce systemic embolism was warfarin, and certain duration of dual antiplatelet therapy (DAPT) is important after PCI with stent. But, best regimen of antithrombotic agent after PCI in AF is unclear especially in the clinical use of novel oral anticoagulant (NOAC). This manuscript will deal those clinical studies to indicate optimal regimen and duration of NOAC use for AF patients underwent PCI. NOAC use on DAPT significantly reduces major or minor bleeding compared to warfarin in AF patients with ACS or underwent PCI. But, the duration of NOAC use is still unclear, and there is exist clear contraindication to use it in clinical field. NOAC use reduced major or minor bleeding significantly compared to warfarin, but the incidence of MACEs was similar between warfarin and NOAC. Physician should understand the advantage or disadvantage of NOAC use, and be able to tailor the regimen and duration of antithrombotics including NOAC in this higher risk patient population.
INTRODUCTION
Atrial fibrillation (AF) is common arrhythmic disorder especially in elderly population. The general prevalence of AF is approximately 1.5-2%. 1) Average are of AF population is continuously increasing, and it is reach 75 to 85 years old. 1) AF is associated with 5-fold risk of stroke, a 3-fold risk of heart failure (HF), wider area of ischemia in stroke cases, and higher mortality in general or cardiovascular disease population. 1) The prevalence of AF continuously increased by 2.10-fold from 0.73% in 2006 to 1.53% in 2015 in Korea. 2) The annual AF incidence was stable with the 10-year overall incidence of 1.77/1,000 personyears (PYs), and 10-year overall incidence in men was 1.89/1,000 PYs, 1.65/1,000 PYs in women in Korea. 2) AF is significant and independent risk factor for stroke, and appropriate use of anticoagulant can reduce incidence of systemic embolism, including stroke with two-third risk reduction. Incidence and prevalence of ischemic heart disease (IHD) is also outcomes of AF patients received DES implantation. They have used a consecutive series of 10,027 patients who underwent DES implantation between 2003 and 2011, 7.1% of patients had AF at the time of index PCI, and they were older, higher numbers of comorbidities, and history of stroke compared to NSR. 88.4% of AF patients were prescribed DAPT without OAC, and 10.5% of them were got the prescription of OAC on DAPT at discharge. In the primary outcome analysis after PCI for 6-year follow-up, patients with AF suffered significantly higher MACEs (22.1% vs. 8.0%, p<0.001). After multivariable analysis, the AF was significantly associated with a higher risk of primary outcome (hazard ratio [HR], 2.33; 95% CI, 1.95-2.79; p<0.001) and major bleeding (HR, 2.01; 95% CI, 1.32-3.06; p=0.001). Among patients with AF, adjusted risk for the primary outcome was similar between the DAPT group and the triple therapy group (HR, 1.01; 95% CI, 0.60-1.69; p=0.98), but triple therapy was associated with a significantly higher risk of hemorrhagic stroke (HR, 7.73; 95% CI, 2.14-27.91; p=0.002) and major bleeding (HR, 4.48; 95% CI, 1.81-11.08; p=0.001). 16) Patients with AF suffered significantly higher MACE, and they had multiple comorbidities compared to NSR patients. And, warfarin prescription was exceptionally low for AF patients underwent PCI with DES, use of OAC did not make systemic embolic risk and provoked more rate of bleeding stroke. 16) In the HORIZONS-AMI registry including ST-segment elevation myocardial infarction (STEMI) who underwent primary PCI (PPCI), patients who have shown new-onset AF after PCI suffered higher rate of net adverse clinical event (46.5% vs. 25 7) In time-dependent multiple Cox analyses, new-onset AF remained predictive of increased all-cause mortality (HR, 1.9; 95% CI, 1.8-2.0), fatal/ nonfatal stroke (HR, 2.3; 95% CI, 2.1-2.6/HR, 2.5; 95% CI, 2.2-2.7), fatal/nonfatal reinfarction (HR, 1.7; 95% CI, 1.6-1.8/HR, 1.8; 95% CI, 1.7-1.9). 7) But, in the Swedish Heart registry including 155,071 hospital survivors of AMI from 2000 to 2009, AF was documented in 24,023 (15.5%) cases. 17) The AF subtypes were new-onset AF with sinus rhythm at discharge (3.7%), new-onset AF with AF at discharge (3.9%), paroxysmal AF (4.9%), and chronic AF (3.0%). The event rate per 100 PYs for the composite cardiovascular outcome (all-cause mortality, MI, or ischemic stroke) was 90.9 in patients with any type of AF versus 45.2 in patients with sinus rhythm, adjusted HR was 1.28 with 95% CI (1.19-1.37). There were no significant differences in the composite cardiovascular outcome between AF subtypes, AF showed significantly higher incidence of all-cause mortality (HR, Prescription of warfarin for patients with AF on hospital discharge was only 7.6%. AF was one of independent predicting factors including lower systolic blood pressure, faster heart rate, higher creatinine, higher classes of Killip, higher level of NT-proBNP for all-cause mortality in this high risk population. 4) And, according to the report of Rogacka et al. 18) adding DAPT after PCI with bare metal stent (BMS) or DES on long-term use of OAC developed 4.7% of major bleeding complications for mean clinical follow-up duration of 21.0±19.8 months and 67% of major bleeding event occurred in the first month after DAPT initiation. So, AF is clear and definite risk factor for MACE including all-cause mortality even in appropriately treated with timely-fashioned proton pump inhibitor in STEMI patients, and prescription rate of OAC was unreasonably low universally. It is definitely needed appropriate use of OAC on DAPT after PCI with metallic stent in IHD with AF.
RANDOMIZED CLINICAL TRIALS USING NOACS IN PATIENTS WITH AF UNDERWENT PCI

Clinical data about patients with AF underwent PCI prescribed OAC
Chaudhary et al. 19) have compared rate of MACEs and bleeding between DAPT and warfarin plus DAPT after coronary stent implantation with meta-analysis based on previous 17 clinical studies for 15 months follow-up. It included 20,456 patients with AF (13,253 patients prescribed DAPT) underwent PCI, patients with DAPT have shown lower rate of major bleeding (OR, 0.62; 95% CI, 0.50-0.77), comparable rate of MI (OR, 1.27; 95% CI, 0.92-1.77) or MACEs (OR, 1.77; 95% CI, 0.99-1.39). But, stent thrombosis, stroke, and all-cause mortality was significantly higher in patients with DAPT, with OR 1.98 (95% CI, 1.03-3.81), 1.59 (95% CI, 1.09-2.34), and 1.41 (95% CI, 1.03-1.94), respectively. 19) The admission rate for bleeding after the use of various types of antithrombotics for patients with AMI was analyzed with the Danish AMI registry. 20) Bleeding rate was 2.6% in aspirin, 4.6% in clopidogrel, 4.3% in warfarin, 3.7% in aspirin plus clopidogrel, 5.1% in aspirin plus warfarin, 12.3% in warfarin plus clopidogrel, and 12.0% warfarin on DAPT per PY. 20) Adjuvant tamoxifen longer against shorter (ATLAS) ACS 2-thrombolysis in MI (TIMI) 51 study ATLAS ACS 2-TIMI 51 trial 21) was phase 3 trial including more than 15,570 patients with ACS. 22) All patients were treated with low-dose aspirin, and stratified by a thienopyridine (clopidogrel or ticlopidine), and randomized with 1:1:1 ratio into rivaroxaban 2.5 mg bid, rivaroxaban 5 mg bid, or placebo bid, the primary efficacy end points was composite of cardiovascular death, MI or stroke, and the primary efficacy end point is TIMI major bleeding not associated with CABG. 22) Rivaroxaban significantly reduced the primary efficacy end point, as compared with placebo, with respective rates of 8.9% and 10.7% (HR in the rivaroxaban group, 0.84; 95% CI, 0.74-0.96; p=0.008), with significant improvement for both the 2.5 mg bid dose (9.1% vs. 10.7%, p=0.02) and the 5 mg bid dose (8.8% vs. 10.7%, p=0.03). 2.5 mg bid of rivaroxaban reduced the rates of death from cardiovascular causes (2.7% vs. 4.1%, p=0.002) and from any cause (2.9% vs. 4.5%, p=0.002), a survival benefit that was not seen in 5mg bid dose. As compared with placebo, rivaroxaban increased the rates of major bleeding not related to CABG (2.1% vs. 0.6%, p<0.001) and intracranial hemorrhage (0.6% vs. 0.2%, p=0.009), without a significant increase in fatal bleeding (0.3% vs. 0.2%, p=0.66). The 2.5 mg bid dose resulted in fewer fatal bleeding events than the 5 mg bid dose of rivaroxaban (0.1% vs. 0.4%, p=0.04). 22) Additionally, rivaroxaban 5.0 mg bid and 2.5 mg bid decreased significantly Academic Research Consortium definite and probable stent thrombosis rate compared to placebo (1.9% vs. 1.5%; HR, 0.65; p=0.017 and 1.9% vs. 1.5%; HR, 0.61; p=0.089), respectively. 23) In the STEMI subgroup, rivaroxaban 2,5 mg bid reduced all-cause of death rate compared to placebo (HR, 0.63; 95% CI, 0.45-0.89), but 5.0 mg bid did not reduced it. 24) So, rivaroxaban 2.5 mg bid decreased effectively reduced all-cause and cardiovascular morality, predefined primary efficacy end points, but provoked significantly higher rate non-CABG related major bleeding without increment of intracranial bleeding or fatal bleeding compared to placebo. 22) PIONEER AF-PCI trial PIONEER AF-PCI 12) is an open-label, randomized, multicenter clinical study assessing the safety of 2 rivaroxaban treatment strategies and 1 warfarin treatment strategy in subjects with non-valvular AF and underwent PCI with metallic stent implantation. 2,124 patients were randomized in a 1:1:1 ratio to receive either rivaroxaban 15 mg qd plus clopidogrel 75 mg qd for 12 months (group 1, a What is the Optimal antiplatElet and anticoagulant therapy in patients with oral anticoagulation and coronary StenTing (WOEST) trial-like strategy), or rivaroxaban 2.5 mg bid (group 2, with stratification to a prespecified duration of DAPT for 1, 6, or 12 months, an ATLAS trial-like strategy), or dose-adjusted warfarin qd (group 3, with stratification to a prespecified duration of DAPT for 1, 6, or 12 months, traditional triple therapy). All patients underwent PCI, and 65% of PCI cases was used DES. 93% patients were used clopidogrel, prasugrel and ticagrelor was used in 2% and 5% respectively. 52% of participants were ACS. All patients will be followed up for 12 months for the primary safety composite outcome with clinically significant bleeding (a composite of major bleeding or minor bleeding according to TIMI criteria or bleeding requiring medical attention). Two regimens of rivaroxaban including group 1, 2 showed significantly lower rates of clinically significant bleeding than in the patients received warfarin (group 1:2:3=16.8%:18.0%:26.7%; HR for group 1 vs. group 3: 0.59, 95% CI: 0.47-0.76, p<0.001; HR for group 2 vs. group 3: 0.63, 95% CI: 0.50-0.80, p<0.001). MACEs occurred in 3 groups similar (group 1:2:3=6.5%:5.6%:6.0%; HR for group 1 vs. group 3: 1.08, 95% CI: 0.69-1.68, p=0.75; HR for group 2 vs. group 3: 0.93, 95% CI: 0.59-1.48, p=0.76), rate of stent thrombosis was also comparable (group 1:2:3=0.8%:0.9%:0.7%; HR for group 1 vs. group 3: 1.20, 95% CI: 0.32-4.45, p=0.79; HR for group 2 vs. group 3: 1.44, 95% CI: 0.40-5.09, p=0.57). In this PIONEER AF-PCI trial, the administration of rivaroxaban 15 mg qd plus clopidogrel 75 mg qd or rivaroxaban 2.5 mg bid plus DAPT showed significantly lower clinically relevant bleeding than dose adjusted warfarin plus DAPT in non-valvular AF patients underwent PCI with metallic coronary stent for 12 months, and MACEs and stent thrombosis rate was completely comparable among 3 groups. In the medical cost analysis for this study revealed that compared with warfarin, both rivaroxaban treatment strategies had higher medication costs, but these were more than accounted for by fewer hospitalizations. 25) 
RE-DUAL PCI study
The RE-DUAL PCI trial 13) was a phase 3b, a prospective, randomized, open-label, blindedendpoint trial. The main objective is to evaluate DAPT with dabigatran (110 or 150 mg bid) and a P2Y12 inhibitor (either clopidogrel or ticagrelor) compared with DAPT plus warfarin which was composed with a P2Y12 inhibitor (either clopidogrel or ticagrelor), and lowdose aspirin (for 1 or 3 months) depending on stent type in non-valvular AF patients who underwent PCI with stenting. 26) The primary endpoint was time to first International Society of Thrombosis and Hemostasis (ISTH) major bleeding event or clinically relevant non-major bleeding event, and the secondary endpoints were the composite of all cause death or thrombotic events (MI or stroke/systemic embolism) and unplanned revascularization; death or thrombotic events; individual outcome events; death, MI, or stroke; and unplanned revascularization. 26) Mean follow-up period was 14 months. Indication of PCI was stable angina or positive stress test (48%) and ACS (52%), DES was used in 83%, staged PCI was performed in 16%. 13) The incidence of the primary end point was 15.4% in the group with dabigatran 110 mg bid plus P2Y12 inhibitor as compared with 26.9% in the group with warfarin plus DAPT (HR, 0.52; 95% CI, 0.42-0.63; p<0.001 for non-inferiority; p<0.001 for superiority) and 20.2% in the group with dabigatran 150 mg bid plus P2Y12 inhibitor as compared with 25.7% in the corresponding group with warfarin plus DAPT, which did not include elderly patients outside the United States (HR, 0.72; 95% CI, 0.58-0.88; p<0.001 for non-inferiority). 13) The incidence of the composite efficacy end point was 13.7% in the 2 regimen group with dabigatran and P2Y12 inhibitor combined as compared with 13.4% in the warfarin plus DAPT group (HR, 1.04; 95% CI, 0.84-1.29; p=0.005 for non-inferiority). 13) The rate of composite efficacy endpoint was comparable between 110 mg bid dabigatran and matched warfarin based treatment group (15.2% vs. 13.4%, p=0.30), between 150 mg bid dabigatran and matched warfarin based treatment group (11.8% vs. 12.8%, p=0.44). Serious adverse events did not differ significantly among the 3 groups. 13) In the RE-DUAL PCI trial, 240 East-Asian patients were included, the rate of ISTH major or clinically relevant non-major bleeding was comparable in both dabigatran 110 mg dual therapy group and warfarin triple therapy group (21.7% vs. 28.7%, p=0.223), and in both dabigatran 150 mg dual therapy group and warfarin triple therapy group (19.6% vs. 26.7%, p=0.337). Ischemic end point also was similar in 4 treatment regimen group. 27) 
AUGUSTUS trial
The objectives of the AUSGUS trial 4) were to prove non-inferiority of major bleeding for 6 months use of apixaban compared to warfarin, and superiority of major bleeding rate in use OAC (NOAC or warfarin) plus P2Y12 inhibitor compared to OAC plus DAPT for 6 months. 28) In detail, the AUGUSTUS study was 2 by 2 factorial design to compare the rate of ISTH defined major or clinically relevant minor bleeding between apixaban 5 mg bid and warfarin (open label), and between aspirin 100 mg qd vs. placebo (blinded) based on the use of clopidogrel 75 mg qd for all participatns. 28) Primary end-point was ISTH defined major or clinically relevant minor bleeding, key secondary end-point was all-cause of death, allcause of hospitalization, and secondary end-point was death, MI, stroke, hospitalization for urgent revascularization. 28) This study enrolled 4,600 patients with ACS and/or underwent PCI, composition of P2Y12 inhibitor was 93:2:5% in clopidogrel:prasugrel:ticagrelor. PCI composition was 37%:23%:38% in ACS and PCI:medically treated ACS:elective PCI. 14) So, this study included certain portion of medically treated ACS patients not underwent PCI. Apixaban significantly reduced ISTH major or clinically relevant non-major bleeding compared to warfarin (10.5% vs. 14.7%; HR, 0.69; 95% CI, 0.58-0.81; p<0.001 for noninferiority and superiority), and aspirin showed worse finding in bleeding compared to placebo (16.1% vs. 9.0%; HR, 1.89; 95% CI, 1.59-2.24; p<0.001). 14) In the efficacy analysis, apixaban group showed lower incidence of death or hospitalization than warfarin group (23.5% vs. 27.4%; HR, 0.83; 95% CI, 0.74-0.93; p=0.002), and ischemic event rate was comparable in both groups. Incidence of death, hospitalization and ischemic event was similar in aspirin group and matched placebo group. According to the AUGUSTUS trial, Apixaban 5 mg bid plus clopidogrel 75 mg qd regimen showed significantly lower bleeding rate compared to warfarin plus clopidogrel 75 mg qd, and rate death or hospitalization also was lower in apixaban for the patients with ACS or underwent PCI in AF. And, adding aspirin on OAC plus clopidogrel made significantly higher rate of bleeding than placebo on OAC plus clopidogrel, and there was no benefit to reduce ischemic event, hospitalization or death in enrolled population. So, the best regimen of this trial was apixaban 5 mg bid plus clopidogrel 75 mg qd without aspirin in the aspect of ISTH defined major bleeding or clinically relevant non-major bleeding and ischemic event including death or hospitalization for the patients with AF and ACS or underwent PCI.
DISCUSSION
Related to aged population structure, increasing prevalence of diabetes mellitus, hypertension or dyslipidemia, enlarging population of smoking, the incidence of IHD is still in uphill, even in Korea. 28) With similar reasons, incidence and prevalence of AF also is increasing. 1)2) AF is one of major and independent risk factor for worse clinical outcome in patients with ACS or underwent PCI majorly based with DES. So, it is very important to establish optimal antithrombotic regimen for AF patients with ACS or underwent PCI especially using DES to reduce systemic thromboembolism, ischemic cardiovascular event, and bleeding episode at once. According to ACTIVE studies, DAPT could not replace warfarin treatment for AF patients, and DAPT showed better systemic embolic outcome than aspirin single therapy for AF patients who could not continue warfarin therapy. 29)30) So, DAPT agent is not able to replace OAC for AF patients, even more AF with underwent PCI. According to WARIS-2 trial performed in 3,600 patients with MI, warfarin plus aspirin or warfarin single treatment reduced ischemic event compared to aspirin single treatment in long-term follow up, but rate of major or minor bleeding episode was significantly higher in warfarin user than aspirin user. 31) In the ASPECT-2 trial including 999 ACS patients, aspirin and warfarin treatment provoked higher rate of minor bleeding event. 32) It is widely accepted that the combination use of OAC and DAPT during certain period after ACS or PCI in AF patients. But, prescription rate of OAC, especially warfarin in DAPT was exceptionally low, especially in condition of AMI. 4) NOAC introduced in clinical filed for non-valvular AF patients since about year of 2,010. After that, prescription of OAC increased gradually, and NOAC prescription exceed warfarin in non-valvular AF patients 33) NOAC prescription rate for non-valvular AF patients in Korea also was more than 50% since the year of 2,015. 34) With this background, several clinical trials which confirmed bleeding episode and ischemic outcomes of the regimen including NOAC on antiplatelet agent, for example, clopidogrel single or DAPT. In the RE-DUAL PCI trial, dabigatran 110 mg or 150 mg bid plus clopidogrel 75 mg qd or ticagrelor 90 mg bid was compared with warfarin plus clopidogrel 75mg qd or ticagrelor 90 mg bid and aspirin 100 mg qd regimen. All regimens were used for 12 months. 13) Aspirin was used for 1 month (PCI with BMS) or 3 months (PCI with DES) in classical triple antithrombotics group, and all patients was performed PCI. 13) Two dose of dabigatran regimen reduced ISTH defined major or clinically relevant minor bleeding compared to warfarin including treatment group, ischemic event evaluation was under-powered related to paucity of enrolled patients. 13) Recently, dabigatran use was contracted for the reason of frequent gastrointestinal discomfort related to innate acidity of dabigatran. So, penetration of dabigatran use might be limited in clinical practice. 35) The bleeding rate and ischemic event of apixaban was analyzed in AUGUSTUS study. This study enrolled the highest number of patients, 4,600 patients of ACS or PCI performed AF patients were randomized into the 2 by 2 factorial designed this study. 14) It examined the effect of apixaban 5 mg bid vs. warfarin and aspirin 100 mg vs. placebo on clopidogrel 75 mg qd regimen for 6 months. Ischemic events were comparable among 4 kinds of antithrombotic regimen, but, the rate of ISTH defined major or clinically relevant non-major bleeding was lowest in the group of apixaban 5mg bid plus clopidogrel 75 mg qd without aspirin. 14) Clinicians should take into account study duration was 6 months, not 12 months, and 23% of enrolled patients was not performed PCI. 14) Rivaroxaban was examined in the PIONEER AF-PCI study. 12) Regimens were not simple in this study. The first regimen was rivaroxaban 15 mg qd plus clopidogrel 75 mg qd for 12 months (WOEST trial like strategy), and the second one was rivaroxaban 2.5 mg bid plus DAPT (aspirin 100 mg qd plus clopidogrel 75 mg qd) for 1, 6, 12 months (ATLAS trial like strategy), and then regimen was changed into rivaroxaban 15 mg qd plus aspirin 100 mg qd after the pre-defined period, and the third regimen was warfarin plus DAPT for 1, 6, 12 months (traditional triple therapy), and then regimen was changed into warfarin plus aspirin 100 mg qd after predefined period. 12) The first and second rivaroxaban regimens were better bleeding outcome compared to traditional triple therapy, and ischemic event rates were similar in 3 regimens. We should consider that dose of rivaroxaban was not consistent with previous study of rivaroxaban for non-valvular AF population, and 2.5 mg dose of rivaroxaban should be used in bid schedule, it can be 1 obstacle to use longer term. 12) The comparison among 3 clinical studies is summarized in Table 1 .
CONCLUSION
Even though several randomized clinical studies were conducted to confirm the safety and efficacy of NOAC on antiplatelet agents for AF patients with ACS or underwent PCI, the best answer is still unclear. Risk of ischemic event and bleeding episode should be evaluated carefully, and then regimen should be constructed in personal level.
